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Nitrate plays an important role in sea water although present

in very mall amount. It in considered one of the nutrient salts upon

which the biological activity in the sea depends. Ecological studies

involving the nutrient salts necessitate extensive surveys and numercus

analyses. Methods for obtaining such data need be simple, rapid, sensi-

tive and accurate. However, such a method for nitrate has been lacking

and ecological studies involving nitrate analyses of sea water have been

discouraged. Previously reported data on nitrate have been obtained

mainly by the colorimetric "reduced strychnine" method of Harvey (1929).

This method has been investigated and revised y Zwicker and Robinson

(1914) but at the best it is not convenient and the reliability of the

results may be questioned, though apparently they are reasonably accurate.

In the present investigation, there has been developed a new

method of determination of nitrate in sea water, based upon the polaro-

graphic reduction of nitrate using urarl ions as catalyst. The catalytic

effect of urarql was first reported by Kolthoff, Harris and Matsuyama

(1944),. The polarographie determination of nitrate with molybdate as

the catalyst has also been reported by Johnson and Robinson (1952) but

lacked the sensitivity demanded for the determination of the small amounts

of nitrate present in sea water.
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The polarographi. data were obtained with a Heyrovsky Micro-

polarograph, Model Is oalibrated by the method of Koithoff and Lingase

(1946). An H-shaped electrolytic cell (Lingane and Laitinen, 1939) with

a saturated calomel reference electrode as one arm connected by a potas-

sium chloride bridge was used. The capillary characteristic, m2 / 3 t 1/6

was 1.30 mg"/3 sec'l/2 The electrolytic cell was immersed in a thermo-

stat adjusted to 25.0 j 0.1 0 C by a "mero-to-mro" thermo-reguator and a

"mercto-mer" relay box (Precision Scientific Co.).

All chemicals used in this investigation were of reagent

grade. The various solutions were prepared with distilled water.

1. Urauyl Acetate Solution. 0.8484 gram of uram~l acetate crystals,

UO2 (CE3 COO) 2 -2H2 0, was dissolved in water to one liter. The concentration

of uravyl ion ir this solution was 2.00 x 10- 3 M.

2. Aluminum Chloride-Hydrochloric Acid Reagent. 32.2 grams of aluminm

chloride crystals, AICl 3 .6H2 0, and 83.3 ml. of 12 N hydrochloric acid were

added to water and diluted to one liter. This reagent was 1 M in bydro

ohlorid acid and 0.13 1 in aluminum chloride.

3. Fluoride-free Synthetic Sea Water. This w.s prepared according to

Robinson and Spoor (1936) by dissolving per liter 23.38 grams of sodium

chloridep 3.9066 grams of anhydrous sodium sulrate, 0.7455 gram of potas-

sium chloride, 10.676 pam. of MC12 o6H2 0 and 1,47 grams of CaC1 2c2H 2 0

Thia synthetic sea water had a ohlorinity of S- parts per mille (0/oo)
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end the ooncentrationa of the various salts were as followss 0.40 ii In

sodium chc ridep 0.0273 M in sodium sulfate, 0.0525 3 In magnesium clo-

ride, 0.01 M in potassium chloride and 0.01 M in calcium chloride. Syn-

thetic sea water with lesser chlorinities was made by diluting this

solution with appropriate amounts of distilled water.

4. Synthetic Sea Water containing Fluoride. This was made by dissolv-

iug in the above solution 0.0029 gram of sodium fluoride per liter. The

resulting concentration of fluroide ion was 7 x 10- 5 M.

50 Standard Nitrate Solution. A 0.00200 11 sodium nitrate solution was

used as the standard for nitrate.

Polarograms were obtained after the dissolved oxygen in the

various solutions had been driven off with nitrogen gas. The current

due to nitrate was obtained by measuring the current at -1.2 v. vs. S.C.E.

and subtracting the current of an uranium blank. All potentials reported

in this work have been referred to the saturated calomel electrode, S.C.E.

I. Polarograuhip Reduction of Nitrate in Fluoride-free Svnthetic Sea

Water in the Presence of UMMl 1one.

Kolthoff et al. (1944) investigated the polarography of uranium

and found two waves in acid solution indicating reductions of uranium VI

to uranium V and uranium V to uranium II. They also found that, in the

presence of uranyl ions, nitrate was reduced to nitrogen gas at potentials

where the second uranium wave occurred. They offered the explanation that

the uranium III formed at the cathode acted as an "activator" for the
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reduction of ritrate. A typical polax-ogr=m was shown in their paper.

They also reported that there was a linear relationship between the reduc

tion current and nitrate concentration when the uraznl concentration was

above a certain limiting value vhich varied depending upon the nitrate

concentration.

Since in sea water the nitrate content ranges from zero to

about 70 jag-atoms per liter, a uranyl concentration of 1 x 10- 4 M would

be needed for application of this method on the basis of the work o?

Kolthoff et al. The reduction cmrent should tbon be directly proportional

to the nitrate concentration for the range imonvod

Preliminary Investigations were made vith solutions containing

various amounts of nitrate in 0.2 M scdium chloride, and also in fluorido-

free synthetic sea water. To a 100 ml. portion ol each solution were

added 5 ml. of uranyl solution sr.d 1.5 wl. of 1 M *-drochloric acid and

the polarogrm then taken. The resuiti, recorded in Tables I and ii and

plotted in Figure I, indicate that the current is proportional to the

nitrate concentration in either medium. The dats obtained with nitrate

in 0.2 M sodium chloride solutions agree very well with those reported by

Kolthoff, Harris and Matsuyama. It should be ncted that the current in

synthetic sea rater is somewhat loss tban in the sodium chloride medium

due to the effect of sulfate. The half-wave potential of the second

uranium wave was also found to be shifted from -0.95 v. to -1.04 v. vso

S.C.E. in the presonce of sulfate, The effect of sulfato on the reduction

curront of nitrato was Investigated further in cynthetic sca water media

of vArying hUirindto. Since there ic a deiJ;.tUk ratio between the

chlorinity and s -al t concentration in oec wa-tr, the amount o)" sulfate

t



TANZ1I

Diffusion Current of Nitrate in Sodium Chloride Solutions

0.015 M hydrohlorL aed, 0*2 M s-uhrde, 3 x 10- 4 X
uramyl acetate, u2/3t1/6 x 1.30 i2/ see'i 2, residual current
at -1.2 v. vs. S.C.E. : 0.734 microamperes.

Nitrate Cone'n Diffusion Current K' z i/C K i/Cm2/3tI/6

pg-st./1 for Nitrate,, m a/Mug-et./lo
(x 102) (x 102)

2,0 0.037 1.85 1.42

6,0 0.110 1.67 1,28

10.0 0.175 1.75 1.35

20.0 0.356 1.78 1.37

30.0 0.527 1.76 1.35

40.0 0.718 1.79 1.38

70.0 1.242 1.77 1.36

10010 1,699 1.70 1.31

Average value 1.76 1,35



TABLE II

Diffusion Current of Nitrate in Synthetic Sea Water Solutions

0.015 M9 ydrochlorio acid, syntheti¢_sea aterL C 0o/ a 19,
1 x 10"4 M uranyl acetate, m/ 3 tl/- 1.30 . -7 3-eo- /2,
residual crrent at -1.2 v. vs. S.C.E. 2 0.734 microamperes.

Nitrate Conc'n Diffusion Current K' Z i/C K - i/Cm2/3t I/6

)g-at./Il, for Nitrate, j la/,Ug-at.,/1. (z 102)
(x 10^)

1.0 0.022 (2.2) (1.69)

2.0 0.029 14,5 1.12

4,O 0.060 1.50 1.15

5.0 0.081 1.62 1.25

6,0 0.093 1o55 1.19

10.0 0.154 1.54. 1.19

20.0 0.304 1.52 1.17

3010 0c458 1.53 1.18

40.0 0.602 151 1.16

70,0 1.026 1.4? 1.13

100",0 1,495 1o50 1.15

Average valur 1.52 1.17
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Figure 1. Calibration Curve for Nitrate in Presence of
Uranyl in Sodium Chloride and in Synthetic Sea
Water Solutions.

M# o A: 0.015 V hydrochloric acidp 0.2 M sodium
chloride, 1 x 10'4 uranyl acetate.

Curve Bt 0.015 U hydrochloric acid, synthetic sea
water, Cl °/oo : 19, 1 x 10"4 V uranyl
acetate,

Current measured et -1.2 v. vs. S.Co.e
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was varied accordigly. It was found that variations of chlorinity In

the range of 14 to .9 0/oo had very little effect on the current. When

the chlorinity becene lees than 14 °/oo, the current increased as the

chlorinity decreased. Since in natural sea water the eblorinity is

normally within the range of 14 to 19 °/oo, it was considered feasible to

obtain calibration data using a synthetic sea water of chlorinity of

19 0/0o The nitrate concentration in actual sea rater may be obtained

by using the calibration curve, the lower curve in Figure 1, or by using

the following equati.on derived from the Ilkovic equation (likovic, 1934)t

i : (1.17 x 102)( 2/3t/6)(C),

where i is the observed diffusion current due to nitrate in microamperes;

m2/3t1/6 , the capillary characteristics; and C, the concentration of

nitrate in the samp':e in microgram-atoms per liter. The constant of

1.17 x i0-2 has been obtained by taking the ratio of current in micro-

amperes to the product of the capillary characteristics and the nitrate

concentration in mlcrogrcm-atoms per liter as given in the last column

in Table II,

The effec; of hydrogen ion concentration on the current was

also studied. In noutral solutions neither the second uranium wave nor

the nitrate wave occurred. When the hydrogen ion concentration was too

high, the reduction of hydrogen took place at about -1.2 v vs. S.C.E.,

making the method ILrpractical. It was found that the hydrogen ion con-

centration range of 0.005 to 0.02 M gave the best results and the current

remained constant in this range for a given amount of nitrate. One and

a half milliliters of 1 M hydrochloric acid per 100 ml, of sample gave

the desired hydrogen ion concentration.

-8-



II. Polarom hie Reuotion of Nitrate in Synthetic Sea Water cont&ai

When this method was firt applied to actual sea water, o&V

uranyl and hydrochloric acid reagents were added. It was observed that

the nitrate wave was distorted in such a manner that the current could

not be measured due to the lack of the flat diffusion current region.

The half-wave potential was also shifted toward the more negative sido,

being approximately -101 v. vs. S.C.E., while the first uranium wave was

not affected at all. The distortion of the nitrate wave was found to be

due to the presence of fluoride ions in the sea water. Since the first

uranium wave was not affected it would seem that the uranium III ions,

forming at the dropping mercury electrode, must have been reacting with

fluorido ions. The catalytic behavior of uranim upon the reduction of

nitrate, thus, was greatly reduced, causing the wave to become ill-defined

and the wave height to be much lowered.

If this method was to be applied succ3safiully to sea water

analyses it would seem necessary to first removq interference by fluoride

ion. Conversion of the fluoride to a stable complex ion appeared to be

the simplest means although it seemed conceivable that precipitation

methods might be successfully used. The effici-ncies of a number of

cations complexing with fluoride were studied, using a fluoride-containing

synthetic sea water medium. Ferric ions were first tried but were found

to be unsatisfactory. When the concentration o:! ferric ion was small, the

effect of fluoride was not eliminated completel]r. When concentration of

ferric ion was more than needed for complexing "4he fluoride ions, the for-

ric ions themselves were reduced, thus masking -he nitrate wave. Aluminum
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end zirconium salts were next tried and found to give satisfactory results.

When the fluoride waa complexed with either almainum or zirconium the

nitrate wave was restored and the wave height became the same ds in the

absence of fluoride. The minimum amounts of aluminum chloride and zir-

conryl chloride requk-od to prevent the interference of the fluoride in sea

water, Cl M 19 °/oo, were determined to be 8 x I0- 4 M and 4 x 10 - 5 M

respectively, An excess of these reagents did not vifect the reduction

current. Aluminum chloride was selected for use with sea water becauce

of its cost and easy availability. In practice an aluminum concentration

of 2 x 10 - 3 M was used to assure the completo comple= of all the

fluoride ions,

IlL Poj~rourh;c eterminion o.' Ni tHte in Actua SOL Wata

A) .Discuslon of i r n

Nitrite is reduced in the same manner as nitrate and consequently

interferes, but its current is only about three-fifths of that due to

nitrrte (Koilin and Otvos, 1946). In sea water the nitrite concentration

is usually leer than 0.4 pg-at./l. ;hich is too small to exert an apprecia-

ble effect. If and ifhon the nitrite content in sea water is greater than

l0,pgat./l., though this is very rare, a correction should be made, The

concentration of nitrite can bo readily determined by the umial colori-

metric method (Robinion and Thompson, 1948)o

Phosphate if present in sufficient amount interferes by procipi-

tating the urarql ior.So In sea water the amount of phosphate was so smal

that no interference was observed.

Theoretically, ferric ions would interfere with this determina.

tion, since they give a reduction current starting at zero applied

-10-



potential, But in sea water no current due to ferric ions was observed,

apparently due to the fact that they were In some complexed form.

Sulfate decreases the nitrate current as discussed previousy.

In the sulfate concentration range aoresponding to ohlorinity values of

14 to 19 e/oo the current was decreased by a definite proportion for

the different nitrate concentrations observed, being approximately 86

per cent of that in the absence of sulfate, as seen from Tables I and II.

Within this chlorinity range, the calibration curve, the lower curve in

Figure 1, or the equation given previously may be used for the determina-

tion of nitrate. When the chlorinity is less than 14 °/oop different

calibration curves should be used. For sea water with a low chlornity.,

it is suggested that calibration curves at different chlorinities be

obtained for use, or sulfate may be precipitated out with strontium salts.

In the latter case, the interference of sulfate is completely eliminated

and the concentration of nitrate may be obtained from the upper curve in

Figure 1, or by using the Ilkovic equation which has been simplified to

the following form:

i : (1.35 x

where i is the observed diffusion current duo to nitrate in microamperes;

2/3t 1/ 6 , the capillary characteristics; and Cp the concentration of

nitrate in the sample in microgram-atoms per liter,

In addition to the above interferences in sea water, it was

also found that water samples which had been stored in polyethylene plas-

tic bottles gave a rapidly increasing current at the potential of about

-101 v. vs. S.C.E., thus masking the nitrate wave completely. This was

possibly due to the fact that reducible substances in the plastic material
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had been dissolved in sea water, resulting in the appearance of this

current. Thus plastic bottles could not be used to keep the water

samples. Glass bottles were found suitable for this purpose.

B) eseration -f Water Samiples

In the sea. plankton utilizes nitrate as a nutrient and bacteria

may decompose organic nitrogen compounds forming nitrate ions. In order

to obtain the amount of nitrate in see water samples at the time they

are collected, the analyses should be made as tioon as possible. But

since this method is impractical for use aboerc. the ship, possible change

in the nitrate content may result from the effects of plankton and bac-

teria during the time interval between the collection of the samples and

their determination. Consequently it is necesary to add preservatives

to the samples to prevent the above actions from taking place.

Mercuric chloride solution, though frc quently used for preserva-

tion of sea water samples, is not considered desirable for use with

samples to be analyzed polarographically, becat.se mercuric salts give a

reduction current starting at zero applied potential. Although the cur-

rent's due to nitrate and mercuric ions are additive and with addition of

definite amounts of mercuric salts it would be possible to apply a correc-

tion, the use of mercuric salts greatly reduces the sensitivity of this

method making it unsuitable.

Chloroform is also used as a preservative for water samples.

It was found to be very convenient for use in this determination. Dia-

solved chloroform is driven off by nitrogen gaF when freeing the water

swaples from dissolved oxygen. Amy remaining chloroform in the solution



does not interfere because it is not reduoed at the dropping neroury

electrode. Determinations showed that samples to thioh chloroform had

been added several days before pve the sane nitrate revilt as just

before its addition. The addition of 1 to 2 a. of chloroform to each

300 ml. of sample was found satisfactory.

C) Poosed Poedn for the Deteimaination of NitMte in Sea Water

In view of the previous discussions, the following procedure

for the polarographic determination of nitrate in sea water is proposed:

An moon as the water sample is brought aboard the shipp 2 al.

of chloroform are added to each 300 m. of sample and the samples are

stored in glass bottles in a dark and cool place. They should be

analyzed for nitrate at the earliest possible time.

One hundred milliliters of water sample are measured into the

electrolytic cell with a pipet, 5 ml. of uranyl acetate solution and

1.5 al. of the aluminum aloride-hydrochloric acid reagent are added.

The dissolved oxygen is removed by washing with nitrogen gas and the

polarograe taken imediately. The cuent at -1.2 v. vs. S.C.E. is

measured and the nitrate concentration is obtained from a previously

determined calibration curve or from the equations

i : (1.17 z 3A2)(2/3t2/ 6 )(C),

after correction for the residual current of uranium ham been made.

D) Validity of th ethad

The vallditr of this method was tested by determining the nitrate

contents of sea water samples before and after the addition of known

amounts of nitrate. The results are shown in Table III.

.. 3.
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TABLE 11in.

Test of the Validity of the Method

Chlorinity Nitrate Concentrations AS-at./1.
O/oo Origi y Present Added Found Differenoe

16.40 060 10.0 9.8 -0,2

16.20 5.2 1000 15.1 -0.1

15.47 12.5 20.0 32.0 -0,5

16,47 14.5 20.0 34.5 0.0

15.95 14.7 40.0 54,,7 010

14.34 17,0 20.0 37.0 0.0

16 40 18.5 10.0 28.7 *0.2

16.79 22.3 20.0 42.4 40.1

16.60 23.,5 10.0 33.2 -0.3

16.48 23.5 20.0 43.5 0.0

16.71 24.4 20.0 44.7 +0.3

16.62 25.,5 20.0 45.5 0.0

16.14 26.5 40.0 66.5 0.0

16.78 27.2 20.0 48.0 '0.8

16,69 28,0 20.0 48.0 0.0

16.44 29.2 40.0 69.0 -0.2

16.89 29.4 10.0 39.4 0.0

16.75 29.4 40.0 73.0 *0.6

16,91 29.8 10.0 3?.6 -002

16.74 31.0 20.0 53.3 -0.7

19.05 46.1 10.0 56.0 -0.1

19.08 47.2 20,0 67.0 -0.2

Average deviation ±0.20



It is seon that the concentrations of nitrate obtained after

the addition of known amounts agree very well with the sum of tho added

and the actual nitrate contents in the samples. This not only indicates

that the proposed method accurately determines nitrate, but also that

the calibration curve obtained with synthetic sea water with a chlaicnity

of 19 °/oo is applicable equally well to the analyses of actual sea water

samples over the chlorinity range of 14 to 19 0/ooo

3) Results of the Analvses for NItrte in Sea wataE

Several series of sea water samples were collected from East

Sound and San Juan Channel in the San Juan Islands and also from the

Pacific Ocean. They were analyzed following the procedure outlined

previously. The stations selected offered for analysis waters of differ-

ent types and of the maximum range of nitrato concentrations which would

normally be encountered. The results are shown in Table IV.

East Sound is essentially an enclosed basin with but little

exchange of vatere with the adjoining water bodies. The water in East

Sound is also stratified. At the season of the year when the samples

were collected, its water supported an abundant diatom population which

rapidly depleted the water of nitrate.

The waters of San Juan Channel are :ather uniform in distribution

because of vertical mLi-ng. The water itself shows the effect of dilution

by the Fraser River.

The ocean station offered depth samples rich in nitrate and sur-

face samples with reduced nitrate concentrations,
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I. L':4 .T

Azna )yi, ,e of' Sea VVSr Fe' aples i'oi 17ira~v

East Sound, San juoan islands, 48' 40,3' N. 1220 53.7' W

July 11, 1952.

Depth, meters Nitrate Concn, ig-a+t ,I Chlorinity, O/oo

0 0,0 16.50

(,, 16.49

12 0,0 . .

18 0.0 16c.38

23 05 16,66

San Juan Chanxne) -an Juan Islands, 480 3'" N,, 223' 01' i,

July i., 1952

o 9-6

5 11 7

10 .4_.5

20 14,18

50 13 5

130 13r4

Pacific Ocean 48 5 ' 30, F, 136" A0' W, Juiy 7. L952.,
0O.. 17,99

5 5-5 17 99

10 5..5 17,99

20 7,8 17,99

30 32 18.01

50 5.3 18005

100 5,2 18,06

200 22.0 18 ,65
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TABLE IV. (Continued)

300 30.5 18.73

500 38.2 18.85

750 41.5 18.93

1000 46.6 19.01

1500 42.2 19.05

2000 47.2 19.08



The results shown in Table IV for nitrate are in general agroe

ment with the previously reported data for theue waters (Phifer and

Thompson, 1937; Sverdrup, Johnson and Fleming. 1946)0 It may be con-

cluded from these results that the method yields satisfactory results

when applied to the analysis of sea waterso

This method may also be applied to tht! determination of nitrate

in fresh waters. Sinco no interfering ions ar present in sufficient

amount in fresh water, the determination of nilarate may be performed

simply by adding a supporting electrolyte, auch as sodium chloride to

make a 0o M solution, to the water samples and then following the same

procedure as outlined previously. It should also be applicable to other

saline waters similar to sea watoro

I



Harvey, H., W,
1929. Methods of estlimelting phmaphrAV~ ;n rid trates in sea water.

Cons. Perm. Intern. Pour IL'Jxp [or., le lit der. Rapports et
P,oces verbaux,, 8-&74

1.934, Despendence o~i 1:,,r4tn& rurr-ent, -)s. tle diiffusion coerwarts,,
ont the rate6 of freopIng -r -n t~h eize nf~ droper Coaiertiem

Johnaon, M., o. and R, ., Etliso

946,, ThE, polar. ,grir~b.,a of~ Lut1 )-P ardni ft'tir

19h4.A new method for ' , let~er'-iktion of riitr-at..
* ~J_ AM", Caam rn"

Kcothoffv L, 14, and J, J.
1946,., Polarog~-pv 1 ~tr~A*~aPbJ~eep

I.Argnne, J, J,, and FI. , L4 1 x..2en

1939,, Ull and 01-topT~n o 41A1. P i)rgraphi. aj3rea

Alhtfear L, D, snd T, G, Thiompcim
19 3 7, 5'p.na.r)!,-a In. ;% su'P'* *..ne~f ban 2hln *;hpr"n~k

di-ring LAe J-xy7(.1? 2ir~Jv u 1931 te- rcember 30,,

Rzbimsan m . and H.. J 4 )z
1.93&,~ Pn.otametr2xe t.~ui ,~ il e's Tw,6r Inrhis Cr,

Robinson, ii, a. nd :.Thrnim~u
194s, 71;o deterulu~ao o~f ;ote 8om ater, ., Marine kes,,,,

7, 1.2-48-

Sverlru~p, II, U, WM. j~T@n)L and Ke.- ,i
L946, Ile Oceans,, lka York, 'PrnUoHni119 Ine... p, 242

Nicker, B, MW. G., and R, J,, Robinscia
t 194. The photometric doterminmtion of m: trate in see water with a

s tryclmidine reagent. J. llar:Ir~e Rs. 9 1, 23.4-2)2,



BASIC DLSrRTBUi LT P)R UNCLASS.FIED
TECINTCAL ANn SCINTTFIC REPORTS ON CONTRACT Nonr-520/TI1

No. No.
2_2! Adresses c Addno,.

3 Chief if Naval. Revearcb Thief of Naol 4A earch
Navy tepartment Navy Departmevit
w ashington 25) D.C. 'dashington 'J, D.Co,
ATTN& Code i16 ATTN Code 466

Naval Research Laborat=y - UoSo Navy Ry-drograp ic Office
Technical Services Washington 25, O0 C
ashiA.ton 259 D.C. ATTNs Division of Oceanography

2 Asst Naval Attache for Researoh 2 Directcor
American &*bassy US. Navak 91ectro ics Laboratory
Nary 100 San Dlego 5?, California
Fleet Post Office, New York AT''N Cddes 5 ad 552

2 Chief, Bureau of "hips I Chiefp Rareau tf fards q Deke
Navy Department levy Dst wttnt
ash.l.ngton 25 r DoC,, 48aehngton ?'$ Dof:o
ATTN,. Code 84?

1 Commner I ernmmani-i ng GOnera3
Nava. Ordnance Laboratory Rearrh & 3rveltoent Diesion
Whit, Oak, Silver Sprin, 19, *fco Dp.itr~nt ct .t ' krmy

1 Gowia'ding General
Research & Development Dts on l In aril 1u. ficar
Depaurtent of the Air Force rv g.' . 'fttion
Washington 25m DoC, 2311 4lbi: "reet

1 Research 1k Devolopment mard ' yl
National Military Establishment
Washington 25o DX- I ~ LAJ&
AT??4 Comittee on )eophysice 21. J , et ttI clr2 Avenue

and Geography Wolitn t. ?', DCo
lTrTit Comi te o in "ridersea Warfare

1 Director
Office of Naval Research 1 ilrector
150 Causmeay Street )'flte nt aval gsearch
Bostono Massachusetts 3k o RIacbtiay

No% 'fork 139 A**~ fork
1 Dire(mtor

Offioe of Naval Research 1Aroat"or
81414 North Rush Street )I'fice "T' Uava'l, iesearch
Chicago Uo Illinois 1030 9,, tb'efr; 3trvek

* 1 Director
. Office of Naval Research 1 ;:t'ia~dlnt (1tilf)

1 1000 Geary Street UI, S. Coast iuard
San Vrancisco 9, Calirornia *-ehington ?5, ') iX



Diatribution List (Coritinmeci) Page 2

No. go.
Copies Addresse Goiles Addressee

1Director 2 P~rsctocr
U., S. Coast and Geodeti.c -Sumy U..S. Pish r Wildlife SIervico
Departwnt of Commece DcNpeartu*ert- qr tht .~ nritr
Washington 25s, 0.C. 44--SiWA0r '-5 '0

1 Departnenrt~ of Fd*Aiftwr*
Utnvarb~ty of Calif-unaa. ,Ei s~~o~i'~ a1
Berkely,, CalifornftA V 'i ttie FaThI, Road, N.W,

I The Oceanographic 1ns't~ute

#4') * Ar an -!.'JJferA

CtespUk Sa' Fitbtut 't wlifo 3±M I-l
* ~ ~ T~o H.6A P1

Yeaake B~rsiy int'ut.i)a , A0  Ml kf.1ia

1 DpNaraan~set of Conservatiao ryp.p~'~~

ftr43aca , Rewhok ?cisdew~v h, (ii

* Yal Univetrsit A.er Mo~vrs
NeLazuon ~orgcaOwgto ivy3~g uStations TIermJ~

1 Deprment o1,frCuowto 1h'7Np .,prma (,,, oce*'kz~ga \
*Iia"*p Ne York tlei


